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ABSTRACT

IREWALL, T., C. BACKLUND, L. NORDANG, M. RYDING, and N. STENFORS. High Prevalence of Exercise-induced Laryngeal Ob-
struction in a Cohort of Elite Cross-country Skiers. Med. Sci. Sports Exerc., Vol. 53, No. 6, pp. 11341141, 2021. Introduction:
Exercise-induced laryngeal obstruction (EILO) is a differential diagnosis for asthma and prevalent in athletes referred for exercise-induced
dyspnea. The aim of this study was to estimate the prevalence of EILO in elite cross-country skiers, known for a high prevalence of asthma.
Method: Elite cross-country skiers were invited for screening of EILO. Screening consisted of clinical assessment, questionnaires, skin
prick test, spirometry, eucapnic voluntary hyperventilation test, and continuous laryngoscopy during exercise test. Current asthma was de-
fined as physician-diagnosed asthma and use of asthma medication during the last 12 months. EILO was defined as >2 points at the
supraglottic or glottic level during exercise at maximal effort, using a visual grade score system. Result: A total of 89 (51% female)
cross-country skiers completed the study. EILO was identified in 27% of the skiers, 83% of whom were female. All skiers with EILO had
supraglottic EILO, and there was no glottic EILO. Current asthma was present in 34 (38%) of the skiers, 10 (29%) of whom had concomitant
EILO. In the skiers with EILO, a higher proportion reported wheeze or shortness of breath after exercise, compared with skiers without EILO.
In skiers with EILO and current asthma, compared with skiers with asthma only, a higher proportion reported wheeze or shortness of breath
after exercise. Asthma medication usage did not differ between these groups. Conclusion: EILO is common in elite cross-country skiers, es-
pecially females. Asthma and EILO may coexist, and the prevalence of respiratory symptoms is higher in skiers with both. Testing for EILO
should be considered in cross-country skiers with respiratory symptoms. Key Words: SPORT, ATHLETE, EIB, ASTHMA, EILO, CLE

xercise-induced dyspnea (EID) in the elite athlete has
been associated with exercise-induced asthma. Asthma
is common in endurance sport athletes (1). In
cross-country skiers, 27% report physician-diagnosed asthma
(2). However, an important differential diagnosis in athletes
with EID is exercise-induced laryngeal obstruction (EILO),
involving a transient laryngeal obstruction at either glottic (i.e.,
vocal cords) or supraglottic level during high-intensity ex-
ercise (3). This airflow obstruction may result in symptoms
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such as wheeze, shortness of breath, and stridor (4,5). A
standardized test for diagnosing EILO used in a clinical
and research setting is the continuous laryngoscopy during
exercise (CLE) test. This test uses a flexible nasolaryngoscope
to continuously visualize the larynx throughout a maximal ef-
fort exercise bout, to enable identification and characterization
of a laryngeal obstruction (6,7).

To the best of our knowledge, the prevalence of EILO has
never been investigated within a population of athletes who
were not preselected for respiratory symptoms. The preva-
lence of EILO in the general population has been estimated
at 5.7%—7.6% (8,9). In athletes with respiratory symptoms re-
ferred to a tertiary asthma clinic for examination, EILO was
found in 35%-70%, sometimes with asthma and sometimes
without evidence of asthma despite asthma diagnosis and
treatment (3,10). Given that symptoms of EILO mimic asthma
and that asthma treatment has no effect on EILO, undiagnosed
EILO in an athlete using asthma treatment may result in un-
necessary or ineffective interventions.

Cross-country skiers and biathletes have a very high preva-
lence of asthma and exercise-induced respiratory symptoms
(2,11). The increased prevalence of asthma in cross-country
skiers is mainly believed to be due to repeated and prolonged
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inhalation of cold dry air, leading to osmotic changes and ep-
ithelial damage in the airways (12). However, one study found
that only 21% of Swedish elite cross-country skiers under
treatment for asthma had evidence of bronchial hyperreactivity
(BHR) (13), indicating a possible overdiagnosis of asthma in
this particular population.

More information is needed about the prevalence of EILO
in competitive athletes given that it is prevalent in those with
respiratory symptoms and may be mistaken for asthma. There-
fore, we assessed elite skiers, known for a high prevalence of
physician-diagnosed asthma and respiratory symptoms with
the aim of estimating the prevalence of EILO.

METHODS

Study design and study population. This screening
study was approved by the Regional Ethical Review Board,
Umed, Sweden (Dnr2015-43-31M). Elite cross-country skiers
(competing in cross-country skiing, biathlon, or ski-orienteering)
15-35 yr of age were eligible for inclusion. The skiers belonged
to (a) Swedish national teams, (b) national elite upper secondary
sport schools, or (c) universities with elite sports agreement or (d)
had competed in a Swedish, Nordic, or international champi-
onship or an International Biathlon Union/International Skiing
Federation competition during the last 12 months. Information
about the study and recruitment was distributed to coaches and
the national teams’ medical staff, and also via poster advertise-
ment at suitable facilities.

Study procedures. The study was carried out at the Clin-
ical Research Centre and ENT department at Ostersund Hos-
pital, Sweden, 2015 to 2017. After receiving information
and giving written consent, participants underwent a thorough
medical history, clinical examination, dynamic spirometry,
eucapnic voluntary hyperventilation (EVH) test, skin prick test,
and CLE test and completed questionnaires. Length and weight
were recorded, and body mass index was calculated (kgm 2).

Dynamic spirometry was conducted using Spirare 3 (Diagnos-
tics, Norway) or Jaeger Vyntus IOS (CareFusion, Germany)
according to ERS/ATS guidelines (14), using predictive equa-
tions for spirometry by Hedenstrom et al.(15,16). EVH testing
was done using the AILOS Asthma Test (Ailos Medical AB,
Karlstad, Sweden) or Eucapsys (SMTEC, Switzerland). In
short, participants hyperventilated dry air containing 5%
CO, (Carboair, Air Liquid GAS, Sweden) for 6 min (17). Tar-
get minute ventilation was set to 85% of maximum voluntary
ventilation (MVV) (30 x forced expiratory volume in 1 s
[FEV,]). The EVH test was considered invalid if average minute
ventilation was <60% of MVV (21 x FEV)) (18). FEV, was
measured before and at 3, 5, 10, 15, and 20 min after EVH, with
the highest FEV of two approved maneuvers recorded. BHR
was defined as a >10% decrease in FEV after EVH (19). Par-
ticipants were instructed to avoid vigorous exercise, heavy
meals, caffeine, or nicotine for 8 h before the EVH test. They
also were instructed to refrain from using asthma medication
before the test, within the following time frames: short-acting
2 agonists (SABA) for 8 h, inhaled corticosteroids (ICS) for

12 h, long-acting B2 agonists (LABA) for 24 h, and leukotri-
ene receptor agonists (LTRA) for 3 d. Participants had to be
free from respiratory infection for at least 6 wk before the test.

An intracutaneous skin prick test was performed accord-
ing to European standards with extracts of airborne aller-
gens using ALK-Abello Soluprick (ALK, Sweden) (20). A
>3-mm weal after 15 min was considered a positive result.
Allergy was defined as self-reported allergic symptoms and a
positive skin prick test.

Participants were asked to complete a questionnaire based
on the ECRHS II, with additional questions regarding exercise
(h-wk ') and sport (21), and the GerdQ questionnaire (22).
Current asthma was defined as self-reported physician-
diagnosed asthma and the use of asthma medication during
the last 12 months. Respiratory symptoms were defined as a
positive answer to having either wheeze without having a cold
or shortness of breath after exercise, during the last 12 months.
Gastroesophageal reflux disease (23) was defined as 8 points
or more on the GerdQ questionnaire (22). A healthcare contact
was defined as having sought medical consultation because of re-
spiratory difficulties or breathlessness during the last 12 months.
The use of asthma medication was presented as daily use of
bronchodilators (SABA or LABA) or daily use of combina-
tion therapy (SABA/LABA and ICS or LTRA).

Continuous laryngoscopy during exercise test.
CLE was performed according to Heimdal et al. (6) and Maat
et al. (7). The larynx was visualized with nasal fiber-optic lar-
yngoscopy (FNL-7RP3; Pentax, Tokyo, Japan) and video re-
corded during exercise on a treadmill (Intelligent Suspension
3; Cybex, Rosemont, IL). Naphazoline—lidocaine was used
for local anesthesia and dilatation of the nasal cavity. Speed
and/or inclination of the treadmill was increased at every minute
after a 3-min warm-up to reach maximal effort after 6-9 min of
exercise. Speed increased by 1 kmh™' up to a maximum of
15 km-h™" and inclination increased by 2% up to a maximum
of 8%. Subjects wore a safety hamness system attached to the
ceiling. Heart rate was monitored using a chest strap (Polar
Electro, Kempele, Finland). The CLE test was considered valid
if the participant reached >90% of estimated heart rate (24).

Laryngeal obstruction at the glottic and supraglottic levels
was assessed at 1 min after warm-up and at maximal effort,
using a visual grade score (03 points) according to Maat et al.
(7). EILO was defined as >2 points at the supraglottic or
glottic level at maximal effort, in accordance with other stud-
ies on EILO (8,9,25). A senior ENT physician experienced in
CLE testing (M.R.) performed the CLE test, accompanied by
a physiotherapist (C.B.). This physician graded the laryngeal
obstruction, blinded to results from other parts of the study
and to whether the participant had airway symptoms. A sec-
ond blinded grading of the video laryngoscopies was done
by L.N. or T.I. for calculation of interrater agreement. A final
score was set by M.R. in case of disagreement.

Using ordinal numbers, the observers (C.B. and M.R.)
graded respiratory distress during CLE as “none”; “mild,
with audible respiration”; “moderate, with stridor”; and
“collapse or panic attack.” Any disagreement in grading
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was solved by reaching consensus. Immediately after stop-
ping the exercise at the CLE test, participants were asked
to rate their perceived physical exertion according to the
Borg scale, ranging from 6 (no exertion at all) to 20 (maxi-
mal exertion) (26).

In total, 7 (7%) of the 98 skiers discontinued the CLE test
before exercise or during warm-up because of discomfort
(n = 3) or vasovagal reaction (n = 4), one of whom fainted
(Fig. 1). There were no injuries in association with the CLE
test. One skier terminated the CLE test because of exhaustion
at peak heart rate 172 bpm (89.1% of estimated maximum
heart rate). The skier did not have respiratory symptoms as
graded by observer, scored 17 on the Borg scale, and was
not excluded.

Statistical analyses. All analyses were conducted using
R Statistical Software (version 3.6.1). The primary outcome
was prevalence of EILO. A sample size of 100 participating
athletes and an a priori estimated prevalence of EILO at
15% (95% confidence interval, 9%—-24%) were calculated.
The chi-square test and #-test were used to analyze categorical
and continuous variables as appropriate. Fisher’s exact test
was used to analyze categorical variables if the number of ob-
servations was too small. Interrater agreement was calculated

Excluded (n=9)

* Vasovagal reaction (n=4)
Discomfort (n=3)
Pre-acquired injury (n=2)

FIGURE 1—Flowchart of inclusion and exclusion in study.

using Cohen’s kappa with linear weights (27). A P value of
0.05 or less was considered significant.

RESULTS

Description of participants. In total, 98 skiers were
assessed, and 89 completed all study procedures (Fig. 1).
The study population had an even sex distribution, and all par-
ticipants were under 31 yr of age (Table 1). The age distribu-
tion was similar between the sexes. Current asthma and
exercise-induced respiratory symptoms were common. No
skier had a previous diagnosis of EILO according to medical
history. Of the 89 skiers, 82 (92%) reached a threshold
value of >60% MVV at the EVH test. Five participants
hyperventilated <60% of MVV, and two test results were
missing because of equipment failure. In total, 24 skiers
reached target ventilation 85% of MVV. BHR was present in
6 (7.3%) of the skiers with valid EVH. Of these six, two had
current asthma and four had no previous asthma diagnosis or
medication. Furthermore, four of the skiers with BHR reported
no exercise-related respiratory symptoms.

EILO. EILO, defined as a supraglottic or glottic visual
grade score of >2, was present in 24 (27%) of the 89 skiers,

Eligible skiers (n=98)

Clinical assessment (n=98)
¢ Spirometry
EVH
e Skin prick test
Questionnaire

1

CLE (n=98)

Included in analysis (n=89)
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TABLE 1. A description of 89 Swedish elite cross-country skiers screened for EILO.

Males (n = 44) Females (n = 45) Total (N =89)
Age, median (min—-max) 18 (16 to 27) 18 (15 to 30) 18 (15 to 30)
Training (h-wk™") 2 (10to 14) 12 (10 to 14) 2 (10to 14)
Body mass index (kg-m2) 22 6 (21.510 23.3) 21.5(20.4 to 23) 22 1(20.8 t0 23.1)
FEV; (L) 4.71 (4.42 10 5.10) 3.72 (3.45 10 3.97) 4.16 (3.67 t0 4.74)
FEV4 (% of predicted) 1061 (101 to 112.8) 101.2 (95.0 to 112.0) 1030 (97.0to 112.8)
FVC (L) 7 (5.2106.1) 42 (391t04.7) 9(42t05.7)
FVC (% of predicted) 101 0 (96.0 to 111.0) 98.5(91.9t0 107.2) 100 6 (95.0 to 109.0)
FEV4/FVC 0.84 (0.81t0 0.88) 0.87 (0.84 to 0.90) 0.86 (0.82 to 0.89)
FEV; after EVH (%)? -4.5 (-7.3% t0 -3.3%) -3.8% (-6.2% to -2.2%) -4.2% (-6.7% to -2.7%)
Ventilated volume during EVH (L) 762 (702 to 883) 607 (570 to 666) 684 (602 to 761)
Ventilated volume during EVH (% of MVV) 80 6(72.0 to 86.1) 77 5(71.3 10 85.5) 79 6 (71.4 10 85.9)
Respiratory symptoms,” 1 (%) 4 (32) 23 (51) 37 (42)
Wheeze without having a cold, n (%) 1(25) 8 (40) 29 (33)
Shortness of breath after exercise, n (%) 0(23) 4 (31) 24 (27)
Current asthma,® n (%) (36) (40) 34 (38)
Allergy,? n (%) 6(38) 3(30) 29 (34)
GERD,’ n (%) 6 (14) 0(0) 6 (7)

Data presented as median (IQR) if not stated otherwise.
IMaximal % change compared with baseline.

bRespiratory symptoms defined as the presence of either wheeze without having a cold or shortness of breath after exercise.
“Current asthma defined as physician-diagnosed asthma and use of asthma medication in the last 12 months.

“Allergy defined as positive skin prick test and symptomatic allergic rhinitis.
“Gastroesophageal reflux disease defined as 8 points or more on GerdQ questionnaire (21).
FVC, forced vital capacity.

all of whom had supraglottic EILO; no skier had glottic EILO.
A detailed presentation of the visual grade scores is shown in
Table 2. A comparison between skiers with and without EILO
is shown in Table 3. In the 24 skiers with EILO, 20 were fe-
males, and 19 (83%) had either self-reported respiratory symp-
toms during the last 12 months or respiratory distress during
CLE, as graded by observer. Observer-graded respiratory
distress during CLE test was significantly more common in
skiers with EILO that in skiers without EILO (48% vs 6%,
P < 0.001); all but one had “mild, with audible respiration,”
and one skier with EILO has “moderate, with stridor.” In the
skiers with GERD, one out of six had EILO. There was no sig-
nificant association between GERD and EILO (odds ratio,
0.57; 95% confidence interval, 0.01-5.49). Median (interquar-
tile range) heart rate during the CLE test was 95.3% (92.3%—
98.4%) of peak heart rate. There was no difference in exertion
according to Borg scale scores between skiers with and with-
out EILO (median [range], 16.5 [15-17.5] vs 17 [12-19];
P =0.856). In total, four skiers rated their exertion below 15
(min—-max, 12—14). All four had a valid CLE test, did not have
observer-graded respiratory distress, and did not fulfill the
study criterion for EILO. Interrater agreement of supraglottic
scores ranged from fair to moderate (Cohen’s «, 0.34 [M.R.
and L.N.] to 0.46 [M.R. and T.L)).

Asthma and EILO. Current asthma was present in 34
skiers (38%). Concurrent asthma and EILO were common in

TABLE 2. Supraglottic and glottic CLE scores at maximal effort in 89 elite skiers.

Supraglottic Score Total
0 1 2
Glottic score 0 19 45 87
1 1 2
2 0
3 0
Total

Gray areas distinguish CLE scores resulting in EILO, defined as CLE score of >2 at
supraglottic or glottic level at maximal effort.

the skiers (Fig. 2). A comparison of skiers with asthma versus
asthma and EILO is presented in Table 4. In skiers with cur-
rent asthma, 10 (29%) had EILO. In skiers with current
asthma and concomitant EILO, a higher proportion reported
exercise-related respiratory symptoms compared with those with-
out concomitant EILO (100% vs 62%, P = 0.024). The propor-
tion of skiers using daily bronchodilator medication was not
higher in those with current asthma and concomitant EILO com-
pared with skiers with only asthma (44% vs 58%, P = 0.475).

DISCUSSION

Screening of EILO in Swedish elite cross-country skiers
and biathletes detected 27% with EILO. Skiers with EILO
were predominantly female and reported more respiratory
symptoms compared with skiers without EILO. It was com-
mon to have both asthma and EILO.

EILO. The prevalence of EILO found in Swedish competi-
tive skiers in the current study is considerably higher than the
5.7% to 7.6% prevalence detected within general populations
(8,9). However, EILO appears to be even more common, up to
35%—70%, in athletes referred to hospitals for exercise-induced
respiratory symptoms (3,8—10).

TABLE 3. A description and comparison of 89 Swedish elite skiers screened for EILO.

EILO (n=24)  No EILO (n=65) P
Females 20 (83) 25 (38) <0.001
Age, median (IQR) 18 (17-20.25) 18 (17-19) 0.537
Respiratory distress during CLE? 11 (48) 4 (6) <0.001
Respiratory symptoms” 15 (62) 22 (34) 0.015
Wheeze without having a cold 12 (50) 17 (26) 0.033
Shortness of breath after exercise 12 (50) 12 (18) 0.003
Current asthma® 10 (42) 24 (37) 0.683

Data presented as n (%) if not stated otherwise. Significant P values are presented in bold.
Observer-graded respiratory distress during CLE test.

bRespiratory symptoms defined as the presence of either wheeze without having a cold or
shortness of breath after exercise.

“Physician-diagnosed asthma and use of asthma medication in the last 12 months.
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Elite skiers, n=89

41
(46.1%)

Current asthma EILO

24
(27%)

14
(15.7%)

FIGURE 2—Prevalence of current asthma, defined as physician-diagnosed
asthma and use of asthma medication in the last 12 months, and
exercise-induced laryngeal obstruction (EILO) diagnosed using the CLE
test, within a population of Swedish elite cross-country skiers.

In the present study, a majority of the skiers with EILO had
respiratory symptoms in conjunction with exercise, i.e., “‘symp-
tomatic EILO.” However, 17% of the skiers that fulfilled study
criteria for EILO (>2 points at the visual grading score) did not
report any respiratory symptoms in the last 12 months or had
any observer-graded respiratory distress during the CLE test.
This is not the first study detecting “asymptomatic EILO.”
EILO was diagnosed in 4.8% of asymptomatic individuals in
a general adolescent population (4), and in a study from
Denmark, 26.2% of those diagnosed with EILO in a general
population were asymptomatic (8,9). Self-reported symptoms
have been shown to be a poor predictor of EILO (9,25). Further-
more, although obstruction at the laryngeal level predominantly
induces inspiratory distress, as opposed to the classic expiratory
symptoms of bronchoconstriction, self-reported inspiratory
symptoms are of limited value at discerning EILO from
exercise-induced bronchoconstriction in athletes (3). By con-
trast, self-reported symptoms in athletes have low sensitivity
and specificity for EIB as well (28,29). Thus, self-reported re-
spiratory symptoms seem to be of limited value at predicting
(mild) exercise-related airway obstruction, especially in ath-
letes. Albeit a small pilot study, Walsted et al. found that EILO
does lead to increased work of breathing and increased respira-
tory neural drive although the subjects with EILO tended to
report less dyspnea during high-intensity exercise compared
with controls (30). Whether mild laryngeal obstruction in an
asymptomatic athlete constitutes a disease (i.e., EILO) or a nor-
mal laryngeal response to high-intensity exercise needs to be
established.

EILO was more common in female skiers. In the skiers with
EILO, 83% were female, compared with 38% in those without
EILO. This pattern is in line with earlier studies on athletes
with respiratory symptoms referred to hospitals, which also
showed a higher prevalence of EILO in females (3,10). By
contrast, data on EILO distribution between sexes in the gen-
eral population are conflicting (8,9). An increased risk of
EILO has been attributed to a smaller larynx because of young
age or female sex (8,9,31). Accordingly, a skewed age distribu-
tion between females and males might affect EILO prevalence
by sex. However, in the present study, the age distribution be-
tween the sexes was even. The preponderance of EILO in fe-
males and to what extent larynx size affects risk for EILO
require further investigation.

In the present study, all skiers with EILO presented with
supraglottic EILO, and no one demonstrated EILO on a glottic
level. This result is in keeping with previous studies using the
CLE test, in which supraglottic EILO has been the dominant
subtype (3,8,31,32). However, studies using methods other
than CLE to investigate laryngeal obstruction often identify a
higher prevalence of glottic obstruction (10,33). Perhaps
glottic EILO is a larger problem for elite cross-country skiers,
preventing them from pursuing a career as an elite athlete at an
early age, thus explaining the absence of any glottic obstruc-
tion in our population. Glottic versus supraglottic EILO is im-
portant from a treatment perspective because supraglottic
EILO can, in some well-defined severe cases, be treated surgi-
cally with supraglottoplasty (34).

Asthma. The current results indicate that asthma may be
overdiagnosed in cross-country skiers. Similar to larger stud-
ies on Swedish skiers (2,11), the present study population
had a high prevalence of self-reported current asthma. How-
ever, only 7% of the 82 skiers with valid EVH test had
BHR. EVH is widely used to test for BHR and has been rec-
ommended by the International Olympic Committee for diag-
nosing exercise-induced bronchoconstriction in athletes (19).
The bronchoconstriction after EVH has a dose—response rela-
tionship, and adequate minute ventilation is thus important
(17). Indeed, the criterion used to evaluate the respiratory re-
sponse to EVH affects the results and subsequent diagnosis

TABLE 4. A comparison of 34 skiers with current asthma, with and without EILO.

Current Asthma  Current Asthma
and EILO (n=10) (n=24) P
Female 8 (80) 10 (42) 0.041
Age, median (IQR) 20 (19-20.75)  19(17.75-20.25) 0.375
Respiratory symptoms? 10 (100) 15 (62) 0.024
Shortness of breath after exercise 9 (90) 10 (42) <0.001
Wheeze without having a cold 9 (90) 12 (50) 0.029
Daily SABA/LABA? 4 (44) 14 (58) 0475
Daily combination treatment® 5 (56) 15 (62) 0.716
Healthcare contact last 12 months? 3(33) 11 (46) 0.518

Data presented as n (%) if not stated otherwise. Significant P values are presented in bold.
Respiratory symptoms defined as the presence of either wheeze without having a cold or
shortness of breath after exercise.

bDaily use of SABA/LABA during the last 12 months.

“Daily use of SABA/LABA in combination with ICS or LTRA during the last 12 months.
9Healthcare contact because of breathlessness or breathing difficulties during the last
12 months.
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of BHR (35). The criterion for the diagnosis of BHR used in
the present study was a single measurement with a decrease
in FEV; > 10% after EVH as indicative of BHR, as presented
by Anderson et al. and recommended by ATS guidelines on
EIB (19,36). If the present study would have used a calcula-
tion of fall index after EVH that takes minute ventilation
into account, it would likely have rendered a higher preva-
lence of BHR (35). However, there is an ongoing discussion
about which criterion to use, with some alternatives being
more conservative than the one being used in the present study
(35,37). Also, more than one EVH test may be needed to iden-
tify mild BHR because of poor diagnostic reproducibility in
athletes (38). Another possible explanation for the low preva-
lence of BHR is that most of those with current asthma used
ICS, which can attenuate bronchoconstriction on indirect tests
such as EVH (39). In addition, in the present study, four out of
six skiers with BHR did not have a previous diagnosis of
asthma, and four were asymptomatic, underlining that respira-
tory symptoms in cross-country skiers are poorly associated
with BHR (13).

Asthma and EILO. Coexisting EILO and asthma seem to
be common in skiers. Similar findings have been reported
within a general population and in populations of athletes with
respiratory symptoms referred to hospitals (3,9,10). We found
that skiers with both conditions displayed an increased preva-
lence of exercise-induced respiratory symptoms, but we could
not detect differences in the use of daily asthma medication
between the groups. Whether athletes with asthma and EILO
distinguish themselves in other respects regarding asthma
medication was not elucidated in our study and needs to be
further investigated.

Testing for both EILO and asthma in skiers with EID should
be considered because of the high prevalence of EILO and
the prevalent overlap of the conditions. The CLE test is con-
sidered a well-tolerated and safe test (6,32). However, the
nasal fiberscope can cause discomfort and also fainting in
the participant (40,41). In the present study 7 (7%) of the
skiers discontinued the CLE test because of vasovagal reac-
tion or discomfort. Most studies, however, lack details de-
scribing any discontinuation of the CLE test. To the best
of our knowledge, no participant has been injured when per-
forming the test. The potential benefit of a CLE test in athletes
with EID seem to outweigh the potential risks, considering the
prevalent overlap of asthma and EILO and the importance of
correct diagnosis to ensure correct treatment and avoid over-
treatment of asthma.

Study limitations. The CLE test used in the present study
may have led to underdiagnosing of, especially glottic, EILO.
Glottic EILO more often presents at the end of CLE tests (7).
In our study, the athletes’ physical effort during CLE testing
may not have been sufficient to induce EILO. The athletes
were instructed to carry on until reaching >90% of their esti-
mated maximum heart rate. This cutoff level may have been
too low considering that a large proportion of the study partic-
ipants were competing at an international level and used to
high-intensity exercise and pushing themselves to their limit.

Indeed, a CLE running on a treadmill indoors at room temper-
ature does not fully simulate a cross-country skiing competi-
tion outdoors during winter. We chose treadmill running as
this the setup in our laboratory. Cross-country skiers are usu-
ally very familiar with treadmill tests, as they regularly per-
form submaximal and maximal tests running or skiing on a
treadmill. In the future, we see no major obstacles to perform
a CLE on a larger treadmill using roller skis, or perhaps on skis
in an outdoor skiing setting, using portable CLE equipment,
which has recently been shown to be feasible (42). Further-
more, investigators tend to underestimate glottic angle during
CLE tests (31). Hence, exercise testing with increased effort,
with comparison to their intensity during competition, would
perhaps show increasing laryngeal obstruction, especially at
the glottic level.

By contrast, the high prevalence of EILO can be a conse-
quence of participation bias. The study population was recruited
via open invitation and may have attracted predominantly ath-
letes with EID, leading to a risk of overestimating the prevalence
of EILO and asthma. Information about the study was mainly
distributed via coaches and medical staff, who may have urged
especially those with respiratory symptoms or athletes with
therapy-resistant asthma to participate in the study. Indeed,
cross-country skiers in our study population displayed a high
prevalence of respiratory symptoms and current asthma, indicat-
ing a possibility of participation bias.

A diagnostic test should be reliable. CLE is a standardized
test to investigate EILO using a validated visual grade score
system to evaluate the laryngeal obstruction (7,43). This setup
has been used in thousands of patients in multiple centers for
over a decade (41,43). However, with respect to the visual
grading score, a discrepancy between raters may have implica-
tions for identifying the presence and severity of EILO. In the
present study, the interrater variability of the CLE test was
only fair to moderate (44). Previous studies have reported a
variable interrater agreement of the visual grade score, ranging
from a slight to perfect level of agreement between raters
(3,7,45). In our study, video recordings were not preselected
based on video quality. Furthermore, the blinded raters had ac-
cess only to laryngeal video recordings and not to sound or ex-
ternal video recordings of the CLE tests, possibly contributing
to the low interrater agreement. Still, the variable interrater
agreement indicates the need for a more objective grading sys-
tem to assess laryngeal obstruction. Addressing this issue, a re-
cent study found that an objective computerized system can
quantify laryngeal movements and thus aid EILO diagnosing
(46). This is a promising next step and, when validated and
clinically available, may provide a significant improvement
to the CLE test.

CONCLUSIONS

The present findings suggest that EILO is common in elite
cross-country skiers, especially females, and often coexists
with asthma. Skiers with EILO and concurrent asthma report
more exercise-induced respiratory symptoms than skiers
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without EILO and/or asthma. This study supports the notion
that testing for both EILO and asthma is warranted in athletes
with EID.
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